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III. Part of a Letter from Mr Lewenhoek, con- 
cerning the circulation and globules of the 
Blood in Butts, 

Delph in Holland, July 9. 1700* 

DUring this Winter, 1 have often obferved the 
Boys looking for final! living Butts in the 
Smelts that are fold juft by my Houfe, in order to 
throw 'em into water, and entertain themfelves with 
beholding the uncommon motion of that little Fifh 
when it fwims, as being different from that of all o- 
ther Fifties. 

This put it in my head to look more narrowly into 
thofe little Fifties, fome of which were fo fmall, that 
the whole Body, bating the Tail, was no longer than, 
an men* 

Having often examined em with a Magnify ing-glafs, 
in order to fee the circulation of the Blood, (with 
which I am much delighted) and the variety of its 
motion, not only for my own fatisfaftion, but that of 
ieveral Learned Gentlemen, to whom I fhew'd the fame, 
rav thoughts were again pointed upon thofe little par- 
tides which entitle the Blood to its red colour, which 
I formerly afferted to be flat and oval. 

The greateft motion of the Blood obfervable thro 
the Fins, was on each fide of the many little fingle 
Bones plac'd among the Fins $ where the Blood veflels 
were fo large, that twenty five of the above-mentioned 
particles could pals in a Breaft $ but dwindled as they 
drew nearer to the extremity of the Fins, fmall Veftels 
being all along detach'd from the Arteries. 

On one file of a little Bone runs an Artery, and on 
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the other a Vein, correfponding to it ; and befides, I 
faw a Vein and an Artery lying fo ciofe together, as 
it their coats had been junited. 

From the above-ttiention d Artery, fmaller Veflels 
arife acrofs the Membrane between the little Bones, 
and when they've run out the breadth of threeor four 
hairs, are again united in one Vein. 

Thefe fmall Veflels receive about two or three par- 
ticles of the Blood at once^efpecially if theFifh liesftiil f 
and confequently its little Bones clofe one to another. 
If it exercifeg its little FinS in fwimming, the diftance 
between the little Bones are enlarged, the interjacent 
Membranes ftretch'd out, and the Blood Veflels that 
run acrofs them* efpecially thofe in the Tail-fin, are 
drawn out fo as to be above twice as long as be^ 

fore. 

I found it very eafy to extend the Tail-fin, and ac* 
cordingly having ftretch'd: it to a breadth equal to 
what the Fifh gives it in the fwimming motion, in 
order to obferve the motion of the Blood in the clius 
extended Veflels, I found that, whereas, when the 
Fifh did not move, the fmall Veflels receiv'd two or 
three particles in a Breaft'j the? fame Veflels now 
ftretcht out along with the Tail-fin which they run 
acrofs, not only admit no more than one particle , 
but likewife the particles do not move fo faft as in the 
extended VelTels ^ and in fome places thefe very par- 
ticles are rb dispyn'd,* that one Or two particles may 
lye in the Intervals, 

In this obfervation, I could not find that the par- 
ticles wereperfe&ly oval, but met with 5 em fbmetiriies 
roimd, and fometimes in aftiapelefs figure. The oc- 
casion oi which, to my mind, is this :" The little Vef~ 
fels being ftretch'd to an unwonted length, become 
narrower, and by confequence the particles being ve- 
ry pliant, arc prefs'd and fqueez'd out of their circular 
form. To 
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To fatisfy my feif further, I cut off a piece of the 
Tail from feveral little Butts, in order to view the 
Blood out of the Veilels: For I was not fatisfy 3 d that 
the particles in the Blood of Fifties were naturally 
oval $ nay, I rather fancy'd that in their perfed ftate 
they'd come nearer to a round than an oval form $ 
going upon this pofition, that th6 Blood of Fifties con- 
Oils of fix little globular Bodies making up the parti- 
cles, as well as that of men and other Animals $ for I 
could obferve feveral Particles -broken in 4, 5, and 
fome few in Cm pieces j and, what I look'd upon as 
very remarkable, i law oval, and other figures become 
roundifti, and atlaft perfectly round. 

To trace the matter further, I took the Blood run- 
ning from a living Salmon, when it is cut in pieces, 
and put it into a Glafs tube not larger than a (mall 
Quill. 

In a fhort time the Blood in the tube congeal'd, but 
when it became partly fluid again, I put it into a (mai- 
ler Glafs tube, and having plac'd it before my eye, the 
particles -being in motion, appear'd fome of 'em flat 
oval 5 and others, which prefented themfelves to the 
eve fideways, feeuid a little thick, and thofe whofe 
fide did not dire&ly face the eye, feem'd a little broad- 
er, without the leaft appearance of any globular 
form. 

The Blood of a Salmon appears blackifh, by reafon 
of a greater number than ordinary of the redoing par- 
ticles, 

1 put fome of the "fame Blood upon a very clean 
Glafs, and where the particles lay thin, perceived em 
oval, nay, in feveral ovals I defcry'd little Globes, 
and 'in fome few, particularly fix Globes. 

Where thefe little globular Bodies were crowded in 
upon one another, the particles of the Biood were 
congeal'd together, fo that no ovals could be-difcern'd; 

-nay, 
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nay, the particles feernd to be huddl'd up together 
fo as that fix of em had made a compound Body. 

I pnrfu d this new Inquiry fo far, by reafon that I 
had been for feme time concern'd, as if in fome for- 
mer Effays of this nature I had been guilty of a miftake, 
in making the particles of the Blood of Fifties to be 
round, and not oval, lince all that look'd upon em 
with my GlalTes took em to be fuch. 

IVe formerly (aid, and do ftill affirm, that I have 
feen the Blood circulate in Veffels fo fmall, that if a 
particle of Sand were divided into ten hundred thou- 
fand parts, one of thefe little parts could not pafs the 
Blood-veffel, tho 'twere to be fuppos'd to be as pliable 
as a particle of Blood. 

I tried all poffible means to difcover the oval par- 
ticles of Blood, when it circulates freely in the Veins; 
and for that end pitch'd upon the fmalleft Blood- veffels ^ 
but notwithftanding the niceft enquiry I could make, 
I could not fatisfy my felf upon the point : for fome- 
times I met with an obfcure dark particle, fometimes 
with a much clearer one $ and when I caft my eye 
upon the fmalleft Veffels in which the Blood did not 
move, and feveral Veffels that I difcover'd upon the 
extremity of the Fins, the particles were quite undone, 
fo that I faw nothing but a fimple ftagnating Liquor, 
which was a little tindar'd with a bilious colour. 

Heretofore the oval particles of the Blood in Fifties, 
were delineated by the Engraver, according to my or- 
ders, without feeing them himfelf ^ and I likewife 
mix d the blood with water, by reafon that various 
redoing particles hinder a nice view : But for further 
latisfa&ion both to my felf and others, IVe this time 
given the Engraver the Magnifying-Glafs, with the 
blood of the Salmon upon it) that he may defign 'em 
more exactly according to their appearance to his 
own Eyes.. 

Sfff Fig- 



fig 2. A BCD reprefents the oval particles of the 
Blood of a Salmon that weighed above thirty 
pound. 

A B reprefents the particles that appeared flat and 
broad, but did not face the eye dire&ly. 

Thofe about C came ftrait upon the eye, and for 
the moft part had a little clear fort of a light in the 
middle, larger in fome than in others, which the En- 
graver has done his utmoft to imitate* 

Thefe particles are heavier than the (fo calfd) fe- 
rous Liquor, in which they fwim , and which toge- 
ther with the particles conftitutes the Blood : Upon 
which account I ordered it fo, that the particles of the 
Blood finking downwards very flowly, gave the En- 
graver the opportunity of feeing thoufands of them 
falling gradually to the bottom. 

Had I gone immediately to work, and defign d em 
my felf according to my own fight, I had made thera 
twice as big as they are, from whence we may ga- 
ther the difference between the eye of one man and 
that of another. 

I likewife put upon a magnifying Glafs the Blood 
of a very frnall Butt, which was not mix'd with any 
Liquor, only the particles lay in their own juice, which 
is called the Serum or Whey of the blood. 

Thefe laft mention d particles are reprefented fig. g, 
between E and F. 

Tho thefe laft particles are defigned fmaller than, 
the firft, yet it muft be underftood, that I could not 
obferve any difference in their Bulk 3 and I am firmly 
perfwaded there is no difference in the bulk 
of the blood particles, fo that the red making in the 
blood particles in a Whale, are not to be fuppofed 



greater than thofe in a fmall Fifh. 



I 



[ 557^ 

I likewife placed thefe particles of the Blood of a 
little Butt, pafted upon a clean Glafs, before a Mag- 
nifying Glafs, where they ftand magnifyed to the 
above-mention'd degree ; in order to be capable to 
oblige any Gentleman with the fight, tho 'twere on 
the cloudieft day in Winter, without any artificial 
light. 

Thefe particles which are diftinguifhed by little 
mining fpots in the middle, are delineated fig. 4. be- 
twixt G and H. 

Moreover, I put the blood upon the Glafs to a 
greater Magnifying Glafs, the thinner moifture arifing 
from the (To called J ferous matter, and the ovaMike 
Blood being exhal'd - fo that tome fmall oval parti- 
cles were to be feen, that were fo far from running 
together, that they did not touch one another, and 
plainly difcover'd themfelves to confift of fix little 
globular particles, which the defigner has imitated, to 
the utmoft of his power, in fig. 5. between I and K. 

In purfuance of this new Obfervation, I apply'd my 
felf to view the circulation of the Blood with Glaffes, 
more magnifying than any I have yet ufed 5 which at 
laft I have fully compleated $ as well as the evidence 
of the oval particles. Now the greater the magnify- 
ing Glafs is, the fwifter does the circulation of the 
Blood appear in the Velfels. Having retarded this 
motion , I imploy'd two or three feconds of time in 
obferving the little Veins, and found that in feveral 
fmall VefTels the oval particles were fo undone, that I 
could neither fee them nor thofeof which fix had made 
up a particle of Blood ; but only a fimple fluid mat- 
ter, with a faint colour running along the Veffels ^but 
in a large Artery at the Tail, the Blood mov'd fo flow- 
ly, that I could eafily difcern that the particles in that 
Veflel were oval 5 nay, not only fo, but I likewife 
perceived more clearly than before, the little Globes, 

S.ff f 2 that 
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that make up the oval particles, if not always, at leaft 
for the moft part. 

Tis eafie to conceive how fix little globes, which 
are pliant and always in motion, and driven one up- 
on another, (hould fettle entirely in the fafhion of a 
bowl. Thus Fig. 6. reprefents the firft coalition of 
the fix little bullets into one, five of which are pre • 
fented to our view, and the fixth wkh-held from the 
fame. 

I have made up fuch a globe as is reprefented in fig. 
6. of fix Wax bullets put together, in order to (hew 
them to thofe who enquire narrowly after the form 
and compofition of the little globubar particles of the 
blood ; adding withal, that I am certain each of thefe 
little globes is at leaft compounded of fix and thirty 
others. 

Thefe little bullets being mov'd and fqueez'd toge- 
ther, and being at the fame time pliant, and pack'dup 
into one compleat round form, reprefented fig. 7. 

From fuch a Scheme we may conceive how the glo- 
bular parts of the blood of man and other animals ac- 
quire a ronndnefs 5 but how the oval particles are 
compounded of the fix globes is not eafily appre- 
hensible. 

I have afierted formerly, that every one of the little 
globes, fix of which make up one globe, does confift 
of 6 other globes 5 and the more we divide fuch a 
globe of blood by our imagination into fmaller and 
fmalJer parts, the little parts that enter into the com- 
pofition will ftill be unconceivably teller. I've won- 
der'd to hear forrie offer to trace fuch things to the firft 
beginning 3 for my part, fuppofing I could difcover 
the figure and (hape of parts leiTer than a globe of 
blood by a thoufand millions, I (hould ftill be far from 
reaching the firft condiment parts. 

As 
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As I afferted above, that the particles of blood are 
by a prefTure fo disjoyn d, and united with the fluid 
matter in which they move, that the whole appears as 
a Ample moifture ; fo we may eafily imagine, that 
when a horfe ftrains, and preffes his breaft in drawing 
a heavy load, the globes of blood are undone, and 
taken down in the midft of the veflels where the great- 
eft prefTure comes, and as it were confounded or uni- 
ted with the fluid matter, calfd by Artifts Serum. 

I have alfo bethought* my felf, that perhaps the un- 
done particles, when freed from the above-mention'd 
{training, may return to their former figure, juft as 
when a piece of the fat of an Ox or Sheep is laid in 
fuch a heat, that its particles, which come very near 
to the globes of the blood, are undone by the fire, and 
turn into a clear cryftalline liquor, vifible by a Magni- 
fying-Glafs : So foon as the melting heat is gone from 
the fat, it prefently returns to its former globular parts; 
and this will happen whenever it is cold again, thoye 
melt it ten times or oftner. 

I have often fancy 'd, and been fully perfwaded, that 
no venous blood could become arterious, without be- 
ing firft in the heart : But foradnuch as the contrary 
appeared to me in one of my Experiments, which I 
made purely for my own diverfion, I have a ftrong 
mind to give an account of the fame- 

Thete blood- veffels are defign d a little larger than 
they appear'd to me $ and in the middle of the fmaU 
veflels a fmaU fpace is left white, which other wife 
the particles of blood would alter, to the end that the 
motion of the blood may be the better perceiv'd. 

Let us imagine AB in fig. 8. to be a vein, in which 
the blood (~look'd upon thro aMagnifying-Glaf&)paffes 
with great celerity from B to A. 

Out of this vein run two little branches, v -z- C and 
D. which unite between E and F* 

Now 
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Now iiippofe H I to be an artery, in which the 
blood moves upwards with equal fwiftnefs from 
H to I. 

Out of H I arifes a venous Spring, delineated in 

The blood moving from K to F, joyns the other in 
F 5 and by this means part of the blood coming from 
the artery is thrown into the vein, as palling from F 
to G 5 and to the beft of my obfervation, a quantity 
of blood, juft equal to that carried from K F to G, 
moves from C E to F, and diredts its courfe upwards 
from F to L : fo that whatever arterious blood paiTes 
thro F K and F G, an equal quantity of venous blood 
pafTes back thro C E and F L. 

Tho the delegable variety of the blood's motion 
was formerly apparent, yet this experiment pleas'd me 
beyond the others, by reafon that it afforded me a ve- 
ry clear perception of the above- mentioned variety, and 
beiides this union of the blood veffels was not formerly 
come to light. 

3 Twas feveral years that I had not feen the feed of 
a Cock 3 and now the thought being come into my 
head, I view'd the feed of two feveral Cocks that were 
not yet arriv'd at their full growth ; in order to trace, 
as much as poffible, the length and lingular narrow- 
nefs of the tails of the little animals in the male feed. 
But I could not compafs my end, notwithftanding 1 
try'd em fometimes living, and fometimes dead. How- 
ever, I am certain that the leaft of the tails of thofe 
animals is more than ioooo times fmaller than one hair 
upon my hand 5 tho I cannot fay that I faw it di- 
fein&ly* 
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